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Summary
Introduction: The distal metaphyso-diaphyseal fractures of the radius with volar angulation are
generally considered unstable. Too distal to be treated with classic elastic stable intramedullary
nailing (ESIN) via a laterodistal approach and too proximal to be stabilized with simple conser-
vative treatment, they are sometimes treated by plating.
Patients and methods: To avoid the disadvantages of the open exposure necessary for this
latter ﬁxation and to prevent volar angulation while respecting the curvature of the radius,
radial elastic nailing with posteromedial distal entry was used in 16 patients. These patients
were reviewed with an average follow-up of 4.5months.
Results: Six patients presented a mean volar angulation of 7◦, eight a mean posterior angulation
of 5.5◦, and two were aligned at 0◦. On the AP view, seven patients presented a mean residual
varus of 6.5◦, four a mean residual valgus of 5◦, and ﬁve were at 0◦. The pronating curvature of
the radius and the radioulnar index remained intact in all cases. One case of extensor digitorum
tenosynovitis was observed and disappeared after wire removal.
Discussion: For the unstable fractures of the distal third of the radius, certain authors propose
systematic classic ESIN, but the lateral point of entry inevitably entails a varus misalignment,
which is no longer the case if the entry is medial.
Level of evidence: Level 4. Retrospective Study.
© 2011 Elsevier Masson SAS. All rights reserved.∗ Corresponding author.
E-mail address: lavillejm@wanadoo.fr (J.M. Laville).
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ation are located in a border zone that is difﬁcult to
lassify, because they are too distal to be part of the
iddle-third fractures and too proximal to come within
served.
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rFigure 1 Treatment
the fractures of the distal quarter of the radius (Smith-
type fractures) [1]. This type of fracture involves the
diaphyseal—metaphyseal junction (Fig. 1). They can be iso-
lated or associated with radioulnar dislocation (Galeazzi)
[2] or with distal epiphyseal fracture or detachment of the
ulna (equivalent Galeazzi) [3]. These fractures, reputed
to be unstable, sometimes warrant open osteosynthesis
with an anterior plate. A few centimeters above the
diaphyseal—metaphyseal junction, the fractures of the mid-
dle third of the radius respond to orthopaedic treatment
(reduction followed by brachial-antebrachial-palmar immo-
bilization) or classic elastic stable intramedullary nailing
(ESIN) [4—6] (ascending curved nail inserted via the lat-
erodistal percutaneous approach) [7,8].
In an attempt to adapt to these borderline forms, in 1999
we proposed a posteromedial ESIN reduction and stabiliza-
tion technique for fractures of the radius [9] (Fig. 1). This
article reports the results of a retrospective series of 16
cases.
Patients and methods
Sixteen children (Table 1) presenting a fracture of the dis-
tal third of the radius with volar angulation, whether or
not associated with an ulnar fracture, treated with postero-
medial ESIN, were analyzed clinically and radiologically at
presentation and on the 8th and 45th days. The last radio-
logical and clinical evaluation took place on day 8 after the
osteosynthesis material was removed. No examination after
the last follow-up visit was considered useful, since clinical
recuperation was complete in 100% of the cases. Clinically,
ﬂexion-extension mobility and pronosupination were com-
pared to the healthy side.
In the radiological assessment, plain x-rays of the supra-
and subjacent joints were taken in the AP and lateral posi-
tion. The AP image was taken with the hand in supination on
the plate. If this position was difﬁcult to achieve, the Hast-
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wposteromedial ESIN.
ngs position [10] was used in which the subject is placed
n the lateral decubitus position on the side to be x-rayed.
he lateral view was taken with the ulnar edge on the
late, the wrist straightened with a few degrees of supina-
ion. The usual radiological landmarks in adults could not
e applied in young children because of the partial radio-
ransparency of the bony epiphyses. Also, so as to study the
odiﬁcations of the front and sagittal tilt and to be able to
ompare them, particular landmarks were used (Fig. 2): the
iaphyseal—metaphyseal M-axis, drawn on the last few cen-
imeters of the radial shaft based on the overall curvilinear
spect of the bone, makes a 90◦ angle in both AP and lateral
mages, whatever the child’s age may be. These landmarks
ose their value in cases of epiphysiodesis, of course.
urgical technique
urgery was performed under general anesthesia with the
atient in the dorsal decubitus position, the upper limb on
he operating table with arm rests. Nailing was carried out
ith image intensiﬁer guidance. The entry point of the nail,
hose caliber was chosen beforehand in accordance with
he smallest diameter of the diaphyseal shaft, was identi-
ed, located at the limit of the distal metaphysis, keeping
he growth plate intact, on the posterior side and the medial
dge of the radius. A 1-cm incision was made in the skin,
he soft tissues were then dissociated using Halstead for-
eps with a hole drilled through its jaw using a square nail,
riented in as ascending a fashion as possible (Fig. 3). An
SIN was performed with reduction using external maneu-
ers, with the concavity of the nail oriented inward so as to
econstitute the pronating curve of the radius, and back-
ard to prevent recurrence of displacement. In cases of
ssociated fracture of the ulna, this bone was not nailed
ystematically if the reduction obtained was satisfactory.
mmobilization was provided by a below-elbow cast with a
indow on the approach. The patient was seen again for
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Table 1 Table describing the series with time to union and time to osteosynthesis material removal.
Sex Age Closed (F)
or open (O)
fracture
Side Fracture Number of nails Time to union (months) Time to
material
removal
1 M 12 years 1 month C L R 1 2 4 years
2 M 7 years 6 months C L R +U 1 2 9 months
3 M 13 years C R R +U 2 1.5 4 months
4 F 10 years 6 months C R R +U 1 2.5 5 months
5 M 12 years 2 months C R R 1 2 5 months
6 M 13 years 4 months C L R +U 2 1.5 3 months
7 M 13 years 6 months O (Cx.2) R R +U 2 1.5 5 months
8 F 10 years 2 months O (Cx.2) L R +U 2 2 4 months
9 M 11 years 7 months 0 (Cx.2) R R + U 2 2 5 months
10 M 8 years 10 months C R R +U 1 2 3 months
11 M 11 years 9 months O (Cx.1) L R +U 2 2.5 3 months
12 M 14 years 8 months C L R 1 2 2.5
months
13 M 14 years 9 months O (Cx.1) R R +U 2 4 5 months
14 M 12 years C L R +U 1 4 6 months
U
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16 M 10 years C L R +
Cx: Cauchoix; R: radial; U: ulnar.
adiological and clinical follow-up on day 7, then on day
5, when the cast was taken off and self-rehabilitation was
tarted. Removal of the material was proposed between the
th and 6th months.esults
he ﬁles of 14 boys and two girls were analyzed. The mean
ge at the time of fracture was 10 years and 11months
t
o
p
m
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Figure 2 X-ray landmarks. A. Diaphyseal—met2 4 7 months
1 3 4 months
range, 7—14 years). The radial fracture was associated with
n ulnar fracture in 13 cases (81%) and treated with a sec-
nd nail in eight cases. Five fractures were open (31%)
ith two Cauchoix 1 fractures and three Cauchoix 2 frac-
ures. The fracture line was transversal in 10 cases and
blique short in the six others. On the sagittal plane, eight
atients had an overlapping fracture and eight presented a
ean volar angulation measured at 25◦ (range, 15◦—37◦).
n the frontal plane, eight fractures were overlapping, two
aphyseal M axis. B. Angulation angle alpha.
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The instability of this type of fracture has been attributed toFigure 3 Anatomic slice of the forearm, distal quarter: pos-
teromedial approach.
fractures were aligned, four were a mean 15◦ valgus (range,
4◦—30◦), and two were a mean 20◦ varus (range, 18◦—23).
The mean follow-up was 4.5months (range, 2.5—9months),
corresponding to the last follow-up visit 8 days after the
material was removed (one case was lost to follow-up for
4 years and was referred to us again for removal of the
material).
Clinical results
Reduction was always satisfactory. The mean time to union
was 2.5months (range, 1.5—4months), with no secondary
displacement. The mean time to osteosynthesis material
removal was 4.5months after the intervention. No differ-
ence was found between the fractures involving the two
bones in relation to placing one or two nails.
Of the 16 patients, one presented tenosynovitis of
the extensor digitorum communis, which resolved after
removal of the radial nail. All patients recuperated complete
ﬂexion-extension as well as pronosupination. Since the tech-
nique was percutaneous, the resulting scarring was minimal
(Fig. 4).
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Figure 5 A 13-year-old boy, forearm fracture (voigure 4 Aspect of the insertion site of the radial wire
months later, in a 13-year-old boy (picture taken on the wire
emoval day)
adiological results
he correction as demonstrated on the x-rays was satisfac-
ory in all 16 cases.
On the sagittal plane, at the last follow-up (bone union
cquired), six patients preserved a mean 7◦ anterior angu-
ation of the radius (range, 3◦—18◦), eight patients a mean
.5◦ posterior angulation (range, 2◦—10◦), and in two cases,
he radius remained aligned at 0◦.
On the frontal plain, seven patients presented a mean
.5◦ residual varus (range, 4◦—12◦), four a mean 5◦ valgus
range, 2◦—7◦), and in ﬁve cases the radius remained at
◦. No physeal lesions were observed. The pronating curve
emained intact in all cases, as well as the radioulnar index
mean, 1.4mm, range, 0—2.2.).
iscussionrachioradialis, extensor pollicis longus, and abductor pol-
icis longus traction [3]. If, after reduction, the stability of
he site is not sufﬁcient [11] for treatment with immobiliza-
ion placing a short-arm cast with extension of the wrist,
lar angulation). A. D0. B. D1. C. D + 3months.
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steosynthesis must be discussed [12,13]. Osteosynthesis
an also be proposed in secondary therapy after failure of
rthopaedic treatment with closed site reduction and cast
mmobilization [14] or in cases or repeated fracture (Fig. 5).
lacing an anterior plate requires opening the fracture site,
hich can cause lesions to the growth plate and the plate
ust be removed later through the same approach. Ascend-
ng elastic nailing with a posteromedial entry point does
ot present the same risks as the lateral approach [15,16]
nd can lead to impingement with the extensor digitorum
ommunis. Descending radial elastic nailing, mechanically
ogical, is dangerous in its approach: two cases of radial
aralysis, regressing spontaneously, were noted after radial
ailing via the superior approach [17].
Ascending posteromedial nailing is mechanically war-
anted if the fracture is not excessively distal, because the
lastic force of the nail works against anterior displacement
iven its posterior entry point on the distal radius. If a for-
eps discission cautiously separates the extensor tendons,
heir transﬁxion is prevented. No permanent tendon lesion
as observed in our 16 cases and no difference was found
etween orthopaedic treatment and nailing of the ulnar
racture when it was associated.
For unstable fractures of the distal third of the forearm,
ome authors systematically propose classical ESIN associ-
ted with cast immobilization [18,19], but the lateral distal
ntry point inevitably leads to varus at the fracture site,
hich is no longer the case if the entry point is medial.
onclusion
osteromedial elastic intramedullary nailing improves the
esults of the treatment of fractures of the distal third of
he radius with volar angulation, when, depending on the
atient’s age, the angulation and instability of the fracture
equire it. The advantage is above all biomechanical in that
he pronating curve of the radius remains intact. This tech-
ique can be proposed as primary or secondary treatment,
n cases where conservative treatment has failed or there is
eiterative fracture.
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